ABSTRACT: A field study was conducted to record observations of 41,744 market-weight pigs upon arrival at a commercial abattoir to evaluate the relationships between various independent factors and open-mouth breathing, skin discoloration, lameness, unloading time, and mortality during transport. Observations were recorded from 242 trailer loads on 46 separate days over a period of 14 mo. Travel time (<2.5 h or ≥2.5 h), wait time before unloading (<20 min or ≥20 min), loading pressure (<260 kg of BW/m 2 trailer floor space or ≥260 kg of BW/m 2 trailer floor space), ambient temperature while unloading (<17°C or ≥17°C), and trailer type [potbelly (PB); straight-deck with conventional unloading doors (SDC); or straight-deck with wide unloading doors (SDW)] were recorded for each load. Open-mouth breathing was more prevalent in pigs when transported on PB trailers compared with that of SDC or SDW trailers (P < 0.01), and at warmer temperatures (≥17°C, P < 0.001). Skin discoloration was more prevalent (P < 0.001) among pigs unloaded at temperatures ≥17°C. Lameness was more prevalent (P < 0.05) after shorter travel times at greater loading pressure compared with shorter travel times at decreased loading pressure. Unloading time for PB trailers was longer (P < 0.001) than for SDC and SDW. Mortality rates during transport were minimal (0.06%) in the deliveries that we observed, and there were no significant (P > 0.10) relationships between mortality and any independent variable tested. Wait time before unloading was not associated (P > 0.10) with any of the dependent variables included in the statistical model. In conclusion, warmer ambient temperatures (≥17°C) and the use of PB trailers are associated with an increased incidence of open-mouth breathing and skin discoloration, and longer unloading times after the transport of market pigs.
INTRODUCTION
The incidence of dead and nonambulatory market pigs during and after transportation raises animal welfare concerns and also costs the US swine industry up to $100 million annually (Ellis et al., 2003) . Ritter et al. (2008) reviewed 22 field studies containing more than 4 million pigs and reported that mortality losses averaged 0.25%. Fitzgerald et al. (2009) collected data from more than 2 million pigs transported from 9 farms to a single abattoir and also observed a mortality rate of 0.25%. Riches et al. (1996) reported an increase in mortality when loading pressure exceeded 238 kg of BW/m 2 , and the Canadian Agri-Food Research Council (1993) recommends a loading pressure ranging from 254 to 305 kg of BW/m 2 (depending upon ambient temperature) for market pigs weighing from 95 to 104 kg. Sutherland et al. (2009) reported that the percentage of pigs dying or becoming nonambulatory during transport decreased during journeys lasting more than 4 and 5 h, respectively. In addition to mortality, other measures of pig well-being include open-mouth breathing and skin discoloration (Benjamin, 2005) , and lameness (Scott et al., 2006) . Open-mouth breathing and skin discoloration are more prevalent when pigs are transported on potbelly (PB) trailers compared with straight-deck trailers and when pigs are moved farther than 47 m during the load-out process (Ritter et al., 2008) . The incidence of nonambulatory pigs is attributable to fatigue or injury (Ritter et al., 2006) ; however, the relationship between lameness and transportation is not clear. The objective of this field study was to determine the relationship between open-mouth breathing, skin discoloration, lameness, and mortality, and the time needed for trailer unloading, with a variety of factors associated with transporting market-weight pigs from farm to abattoir including travel time, wait time before unloading, trailer loading pressure, ambient temperature at the time of unloading, and trailer type.
MATERIALS AND METHODS
The protocol for this study was approved by the Pennsylvania State University Institutional Animal Care and Use Committee.
Observations
A single individual observed the unloading of 41,744 market-weight pigs representing 242 trailer loads arriving on 46 separate days over a period of 14 mo at a commercial abattoir in Pennsylvania. The number of observation days for each respective month is presented in Table 1 . Each respective trailer load held 150 to 190 pigs (median = 170), and each originated from a single farm. Pigs were individually observed, and data were recorded after pigs exited the trailer, walked down 1 of 3 identical unloading ramps into the holding barn, and were walking on a flat, grooved concrete surface. Each unloading ramp had rubberized flooring and measured 1.7 m wide × 8.1 m long. Angle-iron cleats extended across the width of each ramp and were spaced every 25 cm along the entire length of the ramp. The ramp angle, when raised to the lower and upper trailer decks, was approximately 9° and 19°, respectively. All pigs were transported by drivers who were employed by the packing company on trailers owned by the packing company.
Data Recorded
Pigs that were exhibiting open-mouth breathing, skin discoloration (dark red, transient blotchy appearance), or lameness (pigs unable to keep pace with their group) were counted, and unloading times and on-truck deaths were recorded for each load of pigs. 
Statistical Analyses
Data were subjected to mixed model ANOVA (PROC MIXED, SAS Inst. Inc., Cary, NC). Fixed effects were travel time, wait time before unloading, loading pressure, ambient temperature while unloading, and trailer type. Each independent continuous variable was converted to a categorical variable based on the median for each respective variable. The median was chosen to accurately establish a midpoint for each variable. The resultant categories and ranges for each variable were travel time [short (<2.5 h); long (≥2.5 h); range 1 to 14. , and temperature at the time of unloading [cool (<17°C); warm (≥17°C); range −13 to 28°C]. Two-way interactions of interest were also included in each statistical model as fixed effects and were temperature × trailer type, temperature × travel time, temperature × wait time, temperature × loading pressure, and travel time × loading pressure. Differences among least squares means were tested using the Tukey multiple comparison method (ADJUST option). The number of pigs exhibiting an item of interest was converted to a proportion of the total number of pigs on the trailer before subjecting data to statistical analysis. The whole trailer load for each delivery was considered the experimental unit. Because open-mouth breathing and skin discoloration increased exponentially with increases in temperature, the proportions associated with each of these respective criteria were subjected to logarithmic transformation [log 10 (dependent variable +1)].
Skin discoloration was not immediately apparent during the first 2 mo of observations and was not recorded for the first 50 trailer loads; thus, analysis of this dependent variable was based on 192 observations.
RESULTS
Results are presented in Table 2 . The percentage of pigs exhibiting open-mouth breathing transported on PB trailers was greater (P < 0.01) than that of pigs transported on SDC or SDW trailers. The percentage of pigs exhibiting open-mouth breathing transported on SDC trailers tended (P < 0.10) to be greater than that of pigs transported on SDW trailers. Skin discoloration was more prevalent (P < 0.001) at temperatures ≥17°C. The travel time × loading pressure interaction was significant (P < 0.05) for lameness. Lameness was more prevalent (P < 0.05) after short transport times (<2.5 h) at increased loading pressure (≥260 kg of BW/m 2 ) compared with that of short transport times at reduced loading pressure (<260 kg of BW/m 2 ). Unloading time for PB trailers was longer (P < 0.001) than that of both types of straight-deck trailers. Unloading time for SDC trailers was longer (P < 0.001) than that of SDW trailers. Rates of mortality during transport were minimal (0.06%) in the deliveries that we observed; there were no statistical differences (P > 0.10) associated with any of the independent variables tested (data not shown). Wait time before unloading and all tested interactions including this fixed effect were not associated (P > 0.10) with any of the dependent variables observed.
DISCUSSION
At warmer temperatures (≥17°C) the incidence of open-mouth breathing was more frequent among pigs after transport on PB trailers compared with that of straight-deck trailers. To exit the trailer, pigs housed in the bottom deck or "belly" of a PB trailer were required to walk up an internal ramp inclined at approximately 20°. Similarly, pigs housed in the front compartment of the middle deck of PB trailers also had to negotiate an inclined ramp of approximately 20° before exiting the trailer. Thus, it is not surprising that open-mouth breathing was more prevalent among pigs transported on PB trailers compared with that of the straight-deck trailers, in which internal ramps were not used. Lambooij (2000) reported that climbing ramps may be psychologically disturbing to pigs and can cause the heart rate to increase to a level at which it loses synchronization. The percentage of pig exhibiting open-mouth breathing was greater at warmer temperatures than at cooler temperatures for all trailer types. Ritter et al. (2008) observed greater rates of open-mouth breathing in spring and summer in market pigs transported on PB trailers and noted that electric goad use was greater in unloading PB trailers compared with that of straight-deck trailers. Electric goad use was not quantified in the present study.
The incidence of skin discoloration was greater during warm (≥17°C) temperatures. This is in partial agreement with Ritter et al. (2008) , who reported greater rates of skin discoloration were observed among pigs unloaded from PB trailers in spring, summer, and winter than pigs unloaded from straight-deck trailers. Benjamin (2005) Within a response category, means without a common superscript differ (P < 0.01).
c-e Within a response category, means without a common superscript differ (P < 0.001).
f,g Within a response category, means without a common superscript differ (P < 0.05).
1 Raw data were subjected to log-transformation; data shown are back-transformed for ease of interpretation.
2 Pot-belly trailer contains internal ramps and a standard roll-up unloading door. Straight trailer contains a standard roll-up door, but no internal ramps. Straight wide trailer contains a standard roll-up door plus an adjacent hinged door to increase the unloading opening width, but no internal ramps.
3 Pigs unable to maintain pace with other pigs unloaded from the same trailer were considered lame. 4 Long travel time ≥2.5 h; short travel time <2.5 h; heavy ≥260 kg/ m 2 ; light <260 kg/m 2 .
Transport of market pigs compared responses of pigs after 8, 16, and 24 h of travel and reported that skin blotchiness increased with travel time; however, travel time was not significantly associated with skin discoloration in the present study. The percentage of pigs exhibiting lameness was greater after short transport times (<2.5 h) at increased loading pressure (≥260 kg of BW/m 2 ) compared with that of short transport times at reduced loading pressure (<260 kg of BW/m 2 ) for reasons that are not immediately apparent. Barton Gade and Christensen (1998) reported that pigs might not recline during transport if travel time is less than 3 h. Sutherland et al. (2009) found that the percentage of nonambulatory pigs decreased as the journey time increased and the least percentage was recorded for journeys lasting more than 11 h. Ritter et al. (2006) reported that the percentage of nonambulatory pigs upon arrival at the packing plant was reduced from 0.62 to 0.27% when loading pressure was reduced from 330 to 269 kg/m 2 . Conversely, Sutherland et al. (2009) reported that the percentage of nonambulatory pigs was less when trailers (approximately the same dimensions as that of the present study) contained more than 160 pigs. At stocking densities >278 kg/m 2 , pigs continually change positions during transport and are not able to rest (Lambooij, 1988; Lambooij and Engle, 1991) . In the present study, the shorter travel time may have prevented pigs from lying down; it is possible that these pigs may have been more severely prone to lameness because they were also subjected to a greater loading pressure.
Unloading time was longer for the PB trailers than for SDC and SDW trailers. This was expected because pigs in the straight-deck trailers were not required to negotiate internal ramps to exit the trailer. Ritter et al. (2008) also observed a longer unloading time for PB trailers compared with that of straight-deck trailers. However, the unloading times for each respective trailer type in the present study were approximately one-half the duration of those observed by Ritter et al. (2006) although the average number of pigs per trailer load was slightly greater in the present study (n = 170 vs. n = 158, respectively).
Mortality during transport was not associated with any of the independent variables and was also quite low overall (0.06%). Sutherland et al. (2006) reported that the incidence of deaths during transport was greater for PB trailers than for straight-deck trailers. In the present study, 11 pigs died during transport on PB trailers (73 deliveries; 12,714 live pigs), 10 pigs died on SDC trailers (88 deliveries; 14,108 live pigs), and 4 pigs died on SDW trailers (81 deliveries; 13,922 live pigs; data not shown). According to several reports, the 2 trailer locations in which death rates are greatest are the front and the bottom compartments (Sains, 1980; Riches et al., 1996; Christensen and Barton Gade, 1999) . In the present study, the number of dead was almost equally distributed among front and back halves of the trailer (12 front, 13 back). The distribution of top deck to bottom deck mortality was less homogeneous (6 on the top decks of all trailers, 2 on the middle decks of the PB trailers, 13 on the bottom decks of straight-deck trailers, 4 on the bottom deck of PB trailers).
In summary, the use of PB trailers to transport market-weight pigs to slaughter increased stress indicators, including open-mouth breathing and skin discoloration. These observations are likely associated with the need to negotiate internal ramps and the increased time to exit the trailer. The prevalence of lameness increased when loading density was relatively large (≥260 kg of BW/m 2 of floor space) and the duration of travel was relatively short (<2.5 h). Whether this is associated with the reluctance of the pigs to lie down during short transport times merits additional investigation in a controlled study. The incidence of mortality during transport was minimal in the present study (0.06%) and not associated with any of the independent variables included in our statistical model.
